Measurement of Size dispersity index (DR)
We used AFM to measure the average size and size distribution (i.e. the dispersity) of several hundreds of IBANs deposited on Si substrates at low concentration to avoid NP aggregation.
Using an AFM image of IBAN deposited on ultra-flat substrate with low concentration, as depicted in fig. S1 , it is possible to distinguish unambiguously the isolated nanoparticles from the surrounding substrate and as well as to calculate the size histogram using standard image analysis software (SPIP from Image Metrology and Gwyddion by Czech Metrology Institute).
is the number of measured objects having a given radius ( ), so that ∑ , i.e. the total number of particles counted. We define the discrete distribution ( ) and the corresponding momenta 〈 〉 as:
and 〈 〉 ∑ • (S1) 1 µm 1 µm 3 where 〈… 〉 indicates the expectation value of the moment of order α of the size discrete distribution.
Among these moments, the most important ones are of order one (α=1) and two (α=2). α=1 corresponds to the average radius 〈 〉 and α=2 to the average of the radius squared 〈 〉.
Dispersity is a measure of the heterogeneity of sizes of particles. Thus, we defined the size dispersity index ( ) in terms of momentum distributions:
In the case of monodispersed objects, DR is equal to the unit. In real samples, the higher the value, the larger the radius distribution.
AFM images were studied using an automatic image processing analysis performed on >600
NP. The analysis yielded an average radius of 15±8 Å and a = 1.2±0.3, which is comparable to the value expected for monodispersed objects (DR =1).
The measured DR is intrinsically higher than 1 because of the noise level of the AFM measurements and the finite size of the tip ( ≳ ).
Optical absorption and scattering measurements

UV-vis absorption spectra
We monitored IBANs in different solvents by measuring the absorption spectra (At) in the first 24 hours. To this aim, we performed a quantitative analysis of the changes in spectrum intensity and line shape, as described below.
In general, spectra can change the absolute values <A> and as well as the line-shapes, a.k.a.
the relative intensities (shape), defined respectively as:
as the mean value of the measured UV-vis absorption spectrum, N is the number of experimental data acquired at different wavelength;
which is the percentage relative variation respect to the pristine solution at 0h (A0).
The time-dependence of the line-shape provides direct information on the IBAN stability in solution.
In the case of complete stability: shape = 0, the equation S3 can be written as:
This condition is satisfied in two cases:
The first is the obvious case: the absorption spectra do not change in time and, thus, IBANs are stable in solution.
In the second case, the equality reported in S4 is satisfied when each point of the A spectrum changes as the corresponding mean value. In this case, the absolute intensity can vary but the line-shape of the spectrum is constant. 5 The latter case corresponds to the case in which the chemical-physical properties of the single scattering centers do not change (i.e. the line-shape is constant) unlike the intensities which typically decreases due to the variation of the nanoparticle concentration in solution due to the precipitation.
In general, the closer the shape to 0 the higher the solution stability.
The Absorption spectra of IBANs in acetone and DCM are shown in main text. The spectra of IBAN in DMF is reported in fig. S2 , showing a much better stability of IBAN in this solvent, as compared to acetone and DCM. In the case of acetone, the line-shape difference amount to ca 7% indicating that the presence in solution of both pristine IBAN and modified nanoparticles.
For DCM, shape is much higher, up to 40%, indicating a significant degradation of the IBAN already in solution.
As a reference, we also tested a solvent for which changes are minimal, i.e. dimethylformamide (DMF). In DMF, the absolute value <A> decreases of ca 20% in 24 hours while the line-shape variation is <3% respect to the absorption spectrum acquired on the pristine solution (0 h).
Being shape  0, the UV-vis measurements clearly shows that more than 97% of nanoparticle in solution are IBAN within the first 24 hours (more than 98% within the first 8 hours corresponding to the SVA time).
Re-Dissolution of C1 single mesoscopic crystals in acetone
SVA in acetone gave a great number of mesoscopic C1 crystals. We manually removed one of these C1 crystal ( fig. S4a ), analyzed it by XRD and re-dissolved it in acetone solvent, to demonstrate that it was composed by pristine IBAN.
The new solution obtained did no show Tyndall effect or the presence of precipitates visible by eye, and as well as that the UV-vis absorption spectra measured on the obtained solution clearly showed the five features observed in the pristine solution, as depicted in figure S4 . 
a) b) c)
We analyzed both photoelectron and Auger peak positions, the Auger modified parameter 5 being very sensitive to the chemical state. In the case of silver, the measured B.E. of the Ag 3d5/2 (368.8±0.1 eV) and the Auger parameter (AP-3d5/2, M4N45N45 = 724.7±0.4 eV) can be unambiguously attributed to a non-metallic Silver being 368.7±0.1 (Ag + ) eV and AP-3d5/2, M4N45N45 is the range 723.0-724.9 eV (Ag +/2+ ), 6 respectively.
Thermal annealing -C1 crystal
The degradation of NP was monitored by looking at the Ag/S ratio. At room temperature the Ag/S ratio was 1.7±0.2 (Table S1 ), compatible with the stoichiometric ratio (Ag/S = 1.47). Auger parameter AP-3d5/2, M4N45N45 equal to 724.3±0.5 eV (see Fig. S3 ).
T [C] Ag/F Ag/S S/F
T [C]
Ag/F Ag/S S/F Auger modified parameter Table S2 . C2 crystals. Atomic species ratio, as measured by XPS at different annealing temperature.
Clustering in acetone solution
AFM measurements
IBAN were fairly stable in acetone, as monitored during the first 24 hours. For longer time, layered structures were also found in acetone solutions.
A drop of aged solution (3 weeks) was spun on silicon oxide. The acquired AFM images ( fig.   7 ) showed the presence of aggregates of 2D sheets having similar lateral size (ca 500 nm) and thickness (ca 2 nm). Moreover, the interfacial angle of the 2D sheets amounted to ca 55°, in good agreement with AFM and GIWACS measurements (see table 1 in main text).
AFM images suggested that the observed 2D sheets are formed by C2 layered structures. Figure S10 represented the same data shown in fig. 7 in main text, but plotted as 2D graph with level curves. The chosen visualization allowed to clarify the nature of P2 peak which can be 16 assigned to the re-organization of aggregates of IBAN (labelled with A and corresponding to the ring in 2D-GIWAXS image in fig. 6 ). 
GIWAXS measurements
GIWAXS analysis of IBAN structures obtained by SVA in acetone ( Fig. S12a-b ) revealed the coexistence of both C1 3D lattices and C2 layered structures. While the Bragg spots evidenced by red arrows and ovals came from the C2 structure, the most intense and narrow spots came from the C1 structure of NPs superlattices. For this latter, the position and intensity of Bragg spots can be explained by assuming that crystals grow mainly having [001] texturing and were randomly oriented in-plane. The simulation of the Bragg spots of C1 structure in the small angle region is reported in Fig. 2c . 
Single-crystal X-ray diffraction analysis of C1 crystals
XRD measurements were performed at two temperatures, room temperature (RT, 298 K) and high temperature (HT, 400 K), as reported in Table S3 . C1 crystal showed a triclinic structure with a high-density packing of IBANs, as depicted in fig. 4 in main text. Crystallographic asymmetric units (ASUs) show half IBAN, since an inversion center lays in the barycenter of each silver cluster ( Fig. S13-S14 ).
We observed the same crystal packing at both 298 K, and 400 K, with a volume expansion upon heating of 5.7% and minor organic residues rearrangements. Root-mean-square deviation between models calculated at both temperatures was 2.9 Å. C1 crystals showed a high-density
packing of IBANs, as depicted in fig. S16 , The residual empty volume, corresponding to ~3% of the unit cell, is divided into small cavities of ~40 Å 3 each. The Kitaigorodskii packing index 9 amounts to ~65% and the poor residual electron density in cell voids (≈10 e -/cell, as calculated from PLATON SQUEEZE 10 routine), strongly suggests that there is no solvent inside this IBANs polymorph.
The SVA crystallization procedure led to a new triclinic crystal form for [Ag44(SPhF)30] 4-, significantly different from previously published one, 11 as an effect of the different protocol used. Fig. S16 shows the packing of IBAN obtained by SVA in acetone in this work; Figure   S17 shows the packing published in previous works 11 for IBAN with the same Ag44 cluster and similar side groups (SPhF), yielding a cell with a volume double respect to the previously known crystal form 11 (volumes reported in captions on Figure S16 e S17). Noteworthy, the C1 crystal structure obtained by SVA in acetone was similar to the one of Au12Ag32 equivalent crystals ( fig. S18 ) previously published 11 . Despite similar intercluster distances (Dcrystal  20 Å) and similar arrangement of organic residues, among all structures, the crystal packing of previously determined polymorphs show ~15% of cavities containing disordered solvent molecules.
In C1 crystal, the distances between IBAN were smaller than IBAN diameter: Dcrystal < DIBAN, due to the interdigitation of ligands. We define the effective radius as half the distance between two nanoparticles: Reff = Dcrystal/2. Reff corresponded to the radius of NPs using the rigid spheres model amounting to  10 Å.
Distances and geometrical displacements measured by single crystal XRD corresponded to the values: Reff/Rcore  1.6 and lligand/Rcore  0.9. These two values are in excellent agreement with the description obtained by the Optimal Packing Model (OPM) 12 which postulated that the space-filling of ligands is placed along the axis between the two cores. 
DFT calculation for C2 crystal
The molecular packing of the 2D structures obtained by decomposition of the IBAN was determined by optimizing a handful of trial structures, generated with the program GDIS 13 matching the experimentally determined crystal cell. Each structure was first optimized by keeping constant the cell, followed by a second optimization with this constraint removed. The crystal structures obtained were ranked by their relative energy, which never exceeded 10 kcal/mol. The best structure was determined by comparison with the XRD data. The results obtained indicate thus that, with simple exposure to DCM solvent, the silver atoms undergo an oxidative transformation, losing the stability given by the "magic number" 18 electrons closed shell and transforming into a layered structure in which two Ag atoms maintain their formal oxidation state, while one atom of Ag is in a formal neutral state. 
